ABSTRACT
internet has evolved from connecting two computers together to Internet of Things by connecting objects surrounding us to the internet. [3, 4] . The next step in the IoT is to connect objects to each other and communicate through internet [3] .
Studies on wireless sensor networks enable the spread of smart spaces through the data gathering and analysis from an environment. Zoumboulakis and Roussos [5] used a wireless sensor network and aimed to extract complex events. This system consists of three steps. First, the environment data is learned by the system. Second information is determined and then inferences are made according to the collected information. Yao et al. [6] conducted a study that is carried out in the hospital environment. In this study, the RFID information was transferred over wireless sensor network to monitor and identify the patients. Also, RFID based patient health monitoring and emergency response were implemented.
Aware Home Project [7] was carried out by interdisciplinary groups of researches in the Georgia Institute of Technology. This project is aimed to improve the elderly people's quality of life and enhance their life in familiar environments. They considered designing a home model that consists of a living room, a kitchen, a laundry room, a dining room, an office, two bathrooms and two bedrooms. Because of long construction time, a prototype room was made to test the systems, which are human position tracking by means of ultrasonic sensors and recognition through floor sensors (in Table 1 ). Finding Frequently Lost Objects (FLOs): In order to find frequently lost objects which are keys, wallets and remote control, a system including tracking and sensing technology is implemented in Aware Home. The long range indoor positioning system was used to track the objects. The communication between user and system accomplished with LCD touch panels. Audio cues were used for guiding the user to find the lost object.
The Gator Tech Smart House project [8] was carried out by the Mobile and Pervasive Computing Laboratory of University of Florida. They worked together with the College of Public Health and Health Professions during the development of the pervasive space for the elderly and disabled people. The project is aimed to figure a supportive home that is able to detect its essential parts and users, and accomplish mapping among real world and remote monitoring services (Table 2) . 
Ns
According to the project group, the key constraint of the previous works in pervasive domain is that "lack of the system's ability to advance as new technologies or as an application domain matures". In order to overcome this limitation, a programmable pervasive space in that smart space seems as a runtime environment and a software library together was developed.
Hussain et al. [9] developed an RFID-based smart home application that involves a research of the elderly people in need of care. In this research, it is assumed that some tasks such as, patient care monitoring, home lighting and personalized music broadcasting with wireless sensors are automatically performed. Moreover, Killeen et al. [10] developed a wireless network application that includes both software and hardware components. In this study, data transmission and data inquiry via sensor nodes is possible. Each node consists of a power module, a wireless communication module, a processing module and a sensor/actuator module. Through inter-node data transmission, the collected data is transferred to more powerful processing units such as computers, from which monitoring or querying is provided.
Smart classroom project [11] was conducted to help students. Information is collected from various sensor nodes that are responsible for providing different data. Once, the information reaches the central server, a complex event processing rule engine outputs some useful information. CEP system has recently emerged as a prominent technology to process real-time sensor data and create online responses to events [12] .
In this study, a complex event processing based software framework for smart spaces is designed.
The main aim of this study is that (1) designing low cost sensor nodes based on Arduino, (2) implementing these nodes in home environments to collect various information and then processing this sensor information at runtime to deduce useful information. In this context, data is collected by using many different types and number of sensors, which are Internet of Thing (IoT) devices, and then this data is sent to a central server via a gateway for event processing based on predefined rules. In the framework design, it is aimed not only to notify the mobile users via smartphones but to allow the users to change the rules by means of accessing rule sets of the framework as well.
DETAILED ANALYSIS OF THREE SMART HOME SYSTEMS
In order to focus on reasonable requirements, we have to know technological development in the related field. To do so, we have analyzed three known smart home studies in terms of hardware, software, method and communication technology in Table 3 . Gator [8] , MyHome [13] , DOMOSEC [14] are smart home studies analyzed. • Web server
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Apart from the projects presented in Table 3 , We have also investigated other smart home applications in this domain such as Aura [15] , MavHome [16] , Gaia [17] and MISS [18] projects in order to define state of the art. Also based on comparisons given in Table 3 , we can draw out some state of the art solutions below.
Software and core technology
OSGi framework becomes a state of the art for connecting heterogeneous devices in indoor part.
Some commercial and open-source OSGi framework implementations are Knopflerfish which is used by MyHome and MISS, Oscar, Apache Felix, Eclipse Equinox. In addition, King et al. [19] have developed a modular service oriented platform named as Atlas which enables each sensor and actuator node as a software service for smart spaces. This framework also allows to connect various heterogeneous devices easily. Web Services for outdoor applications should be used. The most important part is that smart home may include different network architectures such as Ethernet-based, Wi Fi, and ZigBee. In order to communicate these networks by different messaging type, the Message Oriented Middleware becomes a state of the art. Semantic-based context aware toolkit becomes state of the art. OSGi bundles are coded in java and added to the desired framework. Service composition and automatic service composition becomes state of the art. The previous applications used I/O matching service composition. 
Hardware technology
Communication protocol
The previous applications have mostly used wired and limited wireless technology. However, depending on recent development on wireless technology, wireless communication becomes more popular. Ahmed et al. [20] have investigated three communication technologies which are Ethernet, WiFi and ZigBee for smart buildings. Wireless and Bluetooth architectures are used for already built houses. Wireless mesh network becomes state of the art due to robust and secure connectivity. ZigBee communication protocol based on low data rate for home devices such as washing machine, lamp, TV and Wi Fi protocols based on high data rate for multimedia devices become state of the art. Since energy consumption becomes primary issue in wireless devices, ZigBee is implemented in the recent home applications because of its low energy usage. Service discovery protocols such as Jini, UPnP, SLP becomes state of the art. The Aura did not use service discovery protocols. The lack of service discovery property makes their work more language-dependent and platform-dependent.
MATERIALS AND METHODS
Arduino uno and mega boards are used to collect the sensor information through various sensors connected to the board. IoT devices based on Arduino for creating smart spaces have recently used in many applications. Ome and Rao [21] have implemented a low cost smart space application by using Arduino Due and ESP8266 wifi card to send collected sensor information to the Thing Speak cloud platform. In this paper, to design an event based system and inform users via mobile phone, a CEP framework is developed. The tool is implemented on the Android devices. The light, temperature, humidity, sound, rain, soil moisture and motion sensors are equipped to Arduino boards and the system starts to collect the sensor information which were later sent to a central server. The Arduino board is connected to an access point via an ESP8266 wifi module and then the collected data is sent to a central server with predefined labels via a gateway. The mobile users are registered to the desired event topics through publish-subscribe mechanism which were implemented on the central cloud server in Java. Whenever an event is occurred the result is sent to the subscribed mobile users. An alarm including event information popped up on the mobile users' smartphones.
In this part, definitions are also provided. Event terms is used as state change in application domain. Whenever an event is happened, which is already a record of some state change and this is immutable that means it is not possible to change the fired event. This constraint is a prominent definition for development of various systems.
Service Oriented Architectures (SOA): it is designed on top of three main parts these are service discovery, service registry and service provider mechanisms. A service registry is used by service provider to register its services. By doing this the service provider publishes its services. A service registry also presents these services to clients which send search queries to desired services. These services can be provided to both users and other services which provide their services through some part of other services.
Event Driven Architecture (EDA): In an event-driven software architecture style, a prominent thing occurs inside or outside of a structure, which distributes instantly to all interested parties (human or automated). The clients which are interested with issues process the event, and optionally produce an action. The event-driven action may consist of the invocation of a service, the triggering of a process, and extra information presentation. Service Discovery: To find predefined services through service descriptions which are published and represented using metadata.
Message Oriented Middleware (MOM): It is distributing messages between parts in ubiquitous computing systems by synchronously or asynchronously. Designing various low-cost home sensor nodes has gained importance in the last decade. Chattoraj [22] has also designed an inexpensive smart home application based on Arduino to help the disabled and elderly. As seen in Figure 1 , this is the instance of a sensor node designed to collect required data in this study. We have connected several sensors to Arduino board. Some of these sensors are;
• In this study, sensor nodes are created and placed in the different locations. Figure 2 shows the main architecture of the framework. Sensors' data are sent to a central server through an access point. Sensor nodes use an ESP8266 wifi card for communication. Java socket is used to collect data on the server side. On the central server, the rules are defined by a rule engine. Drools rule engine is used in this study.
rule "Sound the alarm in case temperature rises above threshold" when TemperatureThreshold( $max : max ) Number( doubleValue > $max ) from accumulate( SensorReading( $temp : temperature ) over window:time( 10m ), average( $temp ) ) then // sound the alarm end Figure 3 shows the rule format of drools rule engine [23] . As seen, facts and events are defined.
In example, temperature data is collected from a sensor and an average of these data is calculated for last 10 minutes. If this calculated average value is over a threshold value, an alarm will be activated. If an event occurs, the drools rule engine sends required notification to an event based bus with a predefined topic. The mobile users who subscribed the predefined topics will be notified in case of any event.
RESULTS AND DISCUSSION
Sensor information is sent to a central server where meaningful information is extracted through a rule engine. A general publish-subscribe based event system was developed for various systems. For example, these systems are used in greenhouses, factories, homes and in various environments. Figure 4 shows a sample information collected from several Arduino uno sensor nodes. This information is sent to a central server in predefined intervals. An example scenario is implemented to test the framework. In addition, Kyas [24] presents several example scenarios. In this scenario, the user wakes up 30 minutes earlier when there is raining or snowing. The aim of waking up at 6:30 instead of at 7:00 is to avoid missing the meeting due to possible traffic congestion. The actions that will be executed by the rule are given below.
• First, obtain the current weather condition from the sensor at 6:30.
• Second, obtain the value(on/off) of Alarm.
• Third, identify whether the weather sensor value includes "rain" or "snow" text string.
• Forth, if the text string contains "rain" or "snow" and Alarm includes "on", starts alarm.
• Last, sets Alarm to "off".
rule "If it rains or snows wake me up 30 minutes early" timer (cron: 0 30 6 ? * MON-FRI) when CustomState(source == "Weather", name : value) CustomState(source == "Alarm Status", value == "on") then String conditionStr = (String) name; String condition1 = "rain"; String condition2 = "snow"; if ((conditionStr.matches(".*"+condition1+".*")) || (conditionStr.matches (".*"+condition2+".*"))) { System.out.println("Alarm is going off "+name); Date date = new Date(); System.out.println(date.toString()); execute.command("Turn Alarm Off "); try { Thread.sleep(3000); }catch(InterruptedException ex) { Thread.currentThread().interrupt();} execute.command("Alarm");
end
In this study, several sensors are used to test the framework; however, the range of sensor type could be extended in the future study. ESP8266 wifi module is used for communication, but even if this module is so cheap, the wifi module integrated to the board may be more functional and less error prone. In addition to this, it may also be easier to prepare a sensor node. The communication can also be achieved by using a cellular communication card. Besides this, the functionality of the framework can be increased by doing rule injection to drools at runtime.
CONCLUSION
In this study, several sensors are equipped to an Arduino uno board and a sensor node is created to collect necessary information. Furthermore, to make life easier and help people, the event based smart home application is implemented. Using various sensors type to collect desired information and then making meaningful information not only to help people for decision-making but also to protect them from several undesired situations or warn them. Sensor nodes including an Arduino uno board and various sensors such as light, temperature, humidity, sound, rain and snow, soil moisture are used in this study to create a smart space. A complex event processing system is designed to notify the mobile users who is subscribed to predefined event topics if an event occurs. On the other hand, Although ESP8266 wifi module is cheap and useful to be used in this case, to use a wifi module integrated to Arduino board may be easier to prepare a sensor node. For further study, we will design a mobile rule injection interface to Drools rule engine at runtime.
